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(57) ABSTRACT

Systems, apparatuses, and methods are provided for refining
building alignment in an aerial image. At least one candidate
shifting vector and matching score value are determined for
a local building. At least one dominant shifting vector is
determined for at least one random group of neighboring
buildings of the local building. At least one optimized
matching score is calculated using the at least one candidate
shifting vector for the local building and the at least one
dominant shifting vector for the at least one random group
of the neighboring buildings. A final shifting vector for the
local building is found using the at least one optimized
matching score.

20 Claims, 7 Drawing Sheets
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1
SYSTEMS AND METHODS FOR REFINING
BUILDING ALIGNMENT IN AN AERIAL
IMAGE

FIELD

The following disclosure relates to image processing, and,
in particular methods and systems for refining building
alignment in an aerial image.

BACKGROUND

A building roof top in the aerial image may often not be
aligned correctly with its building footprint. Such a mis-
alignment may be problematic for large scale three-dimen-
sional mapping and modeling in an urban area with multiple
tall buildings. Additionally, buildings may not be correctly
aligned with their respective footprints because of image
degradation (e.g., noise, occlusion, and shadows). In con-
ventional mapping and modeling systems, buildings are
typically aligned one building at a time. Such conventional
systems may not efficiently process building alignment on a
large scale. Therefore, providing improved methods for
refining building alignments is continuing effort.

SUMMARY

Systems, apparatuses, and methods are provided for refin-
ing building alignment in an aerial image. In one embodi-
ment, the method comprises determining, using a processor,
at least one candidate shifting vector and matching score
value for a local building in an aerial image. The method
further comprises determining at least one dominant shifting
vector for at least one random group of neighboring build-
ings of the local building. The method further comprises
calculating at least one optimized matching score using the
at least one candidate shifting vector for the local building
and the at least one dominant shifting vector for the at least
one random group of the neighboring buildings. The method
further comprises finding a final shifting vector for the local
building using the at least one optimized matching score.

In another embodiment, the method comprises determin-
ing, using a processor, at least one candidate shifting vector
and matching score value for a local building in an aerial
image. The method further comprises determining a domi-
nant shifting vector for a random group of neighboring
buildings of the local building. The method further com-
prises determining an optimized matching score using the at
least one candidate shifting vector for the local building and
the dominant shifting vector for the random group of the
neighboring buildings. The method further comprises itera-
tively determining new dominant shifting vectors for new
random groups of the neighboring buildings and determin-
ing new optimized matching scores using the new dominant
shifting vectors. The method further comprises determining
a final shifting vector for the local building using the
optimized matching score and the new optimized matching
scores.

In one embodiment, the apparatus comprises at least one
processor and at least one memory including computer
program code for one or more programs; the at least one
memory and the computer program code configured to, with
the at least one processor, cause the apparatus to at least
perform: (1) determine at least one candidate shifting vector
and matching score value for a local building in an aerial
image; (2) determine at least one dominant shifting vector
for at least one random group of neighboring buildings of the
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local building; (3) calculate at least one optimized matching
score using the at least one candidate shifting vector for the
local building and the at least one dominant shifting vector
for the at least one random group of the neighboring
buildings; and (4) find a final shifting vector for the local
building using the at least one optimized matching score.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments are described herein with refer-
ence to the following drawings.

FIG. 1 illustrates an example of an aerial image of a
building with its ground-level building footprint.

FIG. 2 illustrates an example of analyzing the shifting
vector of a local building based on a group of neighboring
buildings within a bounding sphere.

FIG. 3 illustrates an example flowchart for refining build-
ing alignment in an aerial image.

FIG. 4 illustrates an example of an aerial image of a
building with its corrected rooftop building footprint.

FIG. 5 illustrates an example system of a building align-
ment refining system.

FIG. 6 illustrates an exemplary mobile device of the
system of FIG. 5.

FIG. 7 illustrates an exemplary server of the system of
FIG. 5.

DETAILED DESCRIPTION

The following embodiments include the systems and
methods for refining building alignment in an aerial image.
Analysis techniques and computer algorithms may be used
to develop an improved, refined aerial image through the
collection and processing of an aerial or satellite image. An
aerial image is typically captured by a camera on an airplane
flying thousands of meters above the earth’s surface, while
a satellite image is typically captured by a camera on a
satellite orbiting several hundred kilometers above the
earth’s surface. Unless otherwise specified, the term “aerial
image” will refer to both aerial and satellite images.

After an aerial image is captured, the aerial image is
analyzed and processed in a building alignment refining
system. Typically, the aerial image is correlated with its
geographic location, and buildings within the aerial image
may be individually aligned with their respective base or
ground-level building footprints. Buildings within an aerial
image generally align well with the base of corresponding
building. However, buildings in aerial images are typically
captured at an angle between a top-down view (perpendicu-
lar to the ground) and ground level view. At such an angle,
the buildings have an oblique projection and appear to be
tilted. Thus, the rooftop building footprint may be displaced
or shifted from the ground-level building footprint.

FIG. 1 illustrates a non-limiting example of an aerial
image having an oblique projection and apparent tilt. The
dotted line 400 represents the ground-level building foot-
print. As shown in FIG. 1, due to the oblique projection and
apparent tilt of the building, the ground-level footprint does
not correspond or match with the rooftop footprint.

To solve a large scale rooftop footprint matching problem,
the process may include determining the rooftop building
footprint for a local building, or a select number of local
buildings. For each local building, an algorithm is used to
determine or match the rooftop building footprint based
upon its known ground-level or base building footprint. An
edge-matching algorithm may be used to determine an initial
shifting vector for the local building. The edge-matching
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algorithm may be a Chamfer matching algorithm or a
Hausdorff distance calculation algorithm.

Edge-matching algorithms, such as Chamfer matching,
may be used to find a match between two binary edge
images that are generated by extracting edges from two
normal images (e.g., a template image and a target image).
Given one binary image (e.g., the template image) to find a
match in another binary image (e.g., the target image), the
edge-matching algorithm moves the template image over the
entire target image. In each location, the edge-matching
algorithm may compute a matching score between template
and target, where a higher score represents a better match.
Once scores are computed for every location on the target
image, the edge-matching algorithm (e.g., Chamfer match-
ing) will determine the location with highest score as the
optimal matching location for the rooftop building footprint.
Thus, given the initial location of the ground-level building
footprint, the result generated by the edge-matching algo-
rithm may include a shifting vector pointing from ground
level building footprint to the optimal matching location for
the rooftop.

Edge-matching algorithms for local buildings, such as
Chamfer matching, may be limited in their overall accuracy.
For example, in certain embodiments, the accuracy of
Chamfer matching may only reach about 85%.

In some embodiments, a majority of buildings within the
same area will accurately match with their ground-level
footprints using Chamfer matching, and only a few build-
ings will get an incorrect matching location. Therefore, for
a building with an incorrect rooftop footprint match (and
incorrect shifting vector), shifting vectors of the neighboring
buildings may be used to correct the rooftop footprint match
and shifting vector.

In other words, in certain embodiments, a local building’s
shifting vector may be determined based upon the shifting
vectors of the local building’s surrounding buildings. In
certain embodiments, a dominant shifting vector of neigh-
boring buildings is calculated to determine the local build-
ing’s shifting vector. That is, a local building’s shifting
vector should correspond with the shifting vectors of the
surrounding, neighboring buildings.

FIG. 2 illustrates an example of analyzing the shifting
vector of a local building, labeled bi, based on a group of
neighboring buildings within a bounding sphere centered at
bi (depicted as a shadowed circle). In certain embodiments,
the bounding sphere has a radius of 10 meters, 20 meters, 50
meters, 100 meters, 200 meters, 400 meters, 800 meters,
1600 meters, etc. The bounding sphere radius may be fixed
or adjusted based on the number of neighboring buildings
within the area of the bounding sphere. In some embodi-
ments, the radius of the bounding sphere is smaller (e.g.,
10-100 meters) in denser urban environments.

FIG. 2 depicts the local and neighboring buildings as
two-dimensional outlines having a solid circle located at the
center of the building. The buildings contain an individual
shifting vector as a line extending from the solid circle in the
direction at which the building is shifting in an aerial view.
The magnitude of the shift is represented by the length of the
line (i.e., a shorter line represents a smaller aerial shift, while
a longer line represents a larger aerial shift).

The process of analyzing the shifting vector of the local
building (bi) involves calculating a dominant shifting vector
(v) from the neighboring buildings within the bounding
sphere, where n buildings are randomly chosen from within
the bounding sphere. The shifting vectors for the selected
neighboring buildings are analyzed to calculate a dominant
shifting vector (v). In certain embodiments, the dominant
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shifting vector (v) is determined based on a histogram of the
individual shifting vectors of the selected neighboring build-
ings. Each individual shifting vector from the selected
neighboring buildings is placed into a particular bin or
“bucket,” wherein each bucket refers to a tabulated collec-
tion of shifting vectors that fall within a specified range. For
example, shifting vectors having a range of directions and/or
magnitudes may be placed in one bucket, while shifting
vectors with a second range of directions and/or magnitudes
are stored in a second bucket, etc. Based on this analysis, the
dominant shifting vector (v) for the single iteration may be
determined based on the bin/bucket having the peak value in
the histogram.

There may be uncertainties (i.e., outliers) when calculat-
ing the dominant shifting vector (v) from the neighboring
building shifting vectors. Therefore, an algorithm may be
used to calculate the dominant shifting vector iteratively. In
certain embodiments, a mathematical method called RAN-
dom SAmple Consensus (“RANSAC”) is used to estimate
the dominant shifting vector. RANSAC is a non-determin-
istic algorithm that may produce a dominant shifting vector
with a certain probability. The probability of getting correct
dominant shifting vector is defined by the following equa-
tion:

1-p=(1-w")*

where:

p is the expected probability that the algorithm will
produce an accurate result. The value for p may be
determined by the user. In certain embodiments, p is set
at 85%, 90%, 95%, 99%, or 99.9%. For example, p may
be set at 99%, meaning the probability of determining
the correct dominant shifting vector by running
RANSAC is at least 99%.

w is the probability that the local building shifting vector
is an inlier when compared with the neighboring shift-
ing vectors. In certain embodiments, w is set at 85%,
since the accuracy of Chamfer matching may only
achieve about 85%.

n is the least number of samples (neighborhood building
shifting vectors) that are chosen to determine a domi-
nant shifting vector (v). In certain embodiments, n=5,
10, 15, 20, 30, 40, or 50+. In one particular embodi-
ment, n=10.

k is the least number of iterations of the algorithm needed
to be run in order to achieve p (i.e., the expected
probability of an accurate result).

Therefore, based on known inputs for p, w, and n; k can

be calculated as follows:

_ log(l1-p)
~ log(1 —wn)

Therefore, in order to determine a dominant shifting
vector for the neighboring buildings with a high probability
of accuracy, multiple iterations of the process described
above and depicted in FIG. 2 may be required. For example,
where p=99%, w=85%, and n=10, approximately three
iterations (k~3) of the dominant shifting vector analysis are
required.

In certain embodiments, the calculated dominant shifting
vector (v) for the neighboring buildings may be further
processed to optimize a matching score and determine an
optimized shifting vector for the local building. The opti-
mized matching score (G) may comprise implementing an
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edge-matching calculation score (e.g., Chamfer matching) at
each pixel of local building’s aerial image. Using the edge-
matching scores, the algorithm may search over the target or
score image to determine a location with a matching score
(si) and an associative shifting vector (vi) that can assist in
determining the optimized matching score (G). In certain
embodiments, the matching score (si) is determined by
Chamfer matching, as discussed above. In certain embodi-
ments, the optimized matching score (G) is calculated as
follows:

G=a*si+b(dot<vi,v>)

wherein (1) si represents the matching score determined by
the edge-matching algorithm (e.g., Chamfer matching), (2)
vi represents the associative, candidate shifting vector deter-
mined by an edge-matching algorithm, (3) v represents the
dominant shifting vector, (4) dot<vi, v> represents the inner
product of the two vectors (v and vi), (5) a represents any
value between and including 0 and 1, and (6) b equals 1-a.
In one particular embodiment, a=0.4 (and therefore b=0.6).

In certain embodiments, it may be cost prohibitive to
search over an entire target or score image of the building
(bi) for each iteration of RANSAC. Therefore, a candidate
shifting vector of building (bi) may be generated from its
score image before running RANSAC. Thus, in certain
embodiments, during each iteration of RANSAC, the algo-
rithm only searches for si and vi among these candidates.
Based on the iterations of the dominant shifting vector and
optimized matching score, a final shifting vector for the local
building may be determined based on the highest score
determined from all of the combined scores calculated.

In certain embodiments, given a building bi’s score
image, a candidate shifting vector (si) is determined by
searching for a local maximum, i.e., a position with the
largest score in a local area. The search for a local maximum
may be conducted by one or more methods such as a
gradient ascent search method or a region grow method. In
one particular embodiment, a candidate shifting vector is
determined by searching for a local maximum using a
gradient ascent search method. In such a method, the algo-
rithm searches for a location which has a zero gradient and
the largest matching score within a domain around it.

In some embodiments, the process of searching for a local
maximum is conducted by determining certain regions of the
local area that have a high matching score (i.e., regions that
meet a threshold level), and then only searching for the local
maximum within those highlighted regions of the local area.

FIG. 3 illustrates an example flowchart for refining build-
ing alignment in an aerial image. The process of the flow-
chart may be performed by a mobile device or personal
computer and controller and/or server and processor. Alter-
natively, another device may be configured to perform one
or more of the following acts. Additional, fewer, or different
acts may be included.

At act S101, the processor selects a local building (bi) for
analysis, determines an initial shifting vector for the build-
ing. The initial shifting vector is determined by analyzing at
least one candidate shifting vector and its corresponding
matching score for the building and selecting the shifting
vector with the highest matching score as the initial shifting
vector for the local building. The initial shifting vector
calculation may be completed using an edge-matching algo-
rithm, such as Chamfer matching, as discussed above.

At act S103, the processor determines a dominant shifting
vector (v) for the neighboring buildings of the local building
(bi). In this act, n buildings are randomly selected from
within a specified bounding sphere of local building (bi).
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The shifting vectors for the selected neighboring buildings
(n) are analyzed to calculate the dominant shifting vector (v)
using a mathematical method called RANSAC. In certain
embodiments, the dominant shifting vector (v) is determined
based on a histogram of the individual shifting vectors of the
selected neighboring buildings, as discussed above.

At act S105, the processor determines an optimized
matching score for local building bi. As discussed above, the
optimized matching score (G) is determined from the match-
ing score from an edge-matching algorithm (si) and the
combination of both the dominant shifting vector (v) and the
candidate shifting vector (vi).

At act S107, a determination is made if the maximum
iteration (k) has been met. If it has not, the process returns
to act S103. If the maximum iteration has been met, the
process continues to act S109.

At act S109, the final shifting vector for the local building
is determined based on the highest score determined from all
of the k combined scores calculated.

The processor may typically complete the acts in the
flowchart in a matter of seconds or less than a second,
wherein the matching accuracy of the shifting vector for the
building improves from 85% to above 90%, above 95%, or
above 99%.

In certain embodiments, following the process of finding
the final shifting vector for one local building, the process
may be repeated for additional local buildings. In some
embodiments, the final shifting vector from one local build-
ing may be stored and used in the determination of a final
shifting vector for another local building or buildings. Addi-
tionally, in other embodiments, the determination of the
dominant shifting vector for one random group of neigh-
boring buildings may be stored and used in the determina-
tion of a final shifting vector for another local building or
buildings.

In certain embodiments, following the process of finding
a final shifting vector for the local building, an adjusted
building footprint or rooftop building footprint is deter-
mined or rendered in an aerial map. The rooftop building
footprint is determined and rendered using the final shifting
vector and the initial ground-level footprint.

One result of running the algorithm is depicted in FIG. 4,
wherein the initial location of footprint is shown with the
grey shadow and outlined with the dotted line 400, and the
location of the rooftop footprint, as corrected by running the
algorithm, is outlined with a solid line 402.

As discussed above, refining building alignment in an
aerial image may be performed by a mobile device or
personal computer and controller and/or server and proces-
sor. FIG. 5 illustrates one embodiment of a building align-
ment refining system 120. The refining system 120 may
include a map developer system 121, a mobile device or
personal computer 122, a workstation 128, and a network
127. Additional, different, or fewer components may be
provided.

The mobile device or personal computer 122 may be a
smart phone, a mobile phone, a personal digital assistant
(“PDA”), a tablet computer, a notebook computer, a desktop
computer, a personal navigation device (“PND”), a portable
navigation device, and/or any other known or later devel-
oped mobile device or personal computer.

The developer system 121 includes a server 125 and a
database 123. The developer system 121 may include com-
puter systems and networks of a system operator such as
HERE, NAVTEQ or Nokia Corporation. The database 123
is configured to store aerial images provided from an aerial
camera or satellite camera, as well as refined building
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alignment images processed by the server and algorithm.
The server 125 is configured to receive an aerial image from
the aerial camera or satellite camera and analyze/process the
image to form a refined building alignment image.

The developer system 121, the workstation 128, and the
mobile device or personal computer 122 are coupled with
the network 127. The phrase “coupled with” is defined to
mean directly connected to or indirectly connected through
one or more intermediate components. Such intermediate
components may include hardware and/or software-based
components.

The workstation 128 may be a general purpose computer
including programming specialized for providing input to
the server 125. For example, the workstation 128 may
provide settings for the server 125. The settings may include
a value for the predetermined interval that the server 125
requests mobile device 122 to relay current geographic
locations. The workstation 128 may be used to enter data
indicative of GPS accuracy to the database 123. The work-
station 128 may include at least a memory, a processor, and
a communication interface.

FIG. 6 illustrates an exemplary mobile device or personal
computer 122 of the system of FIG. 5. The mobile device or
personal computer 122 includes a controller 200, a memory
204, an input device 203, a communication interface 205,
position circuitry 207, and a display 211. Additional, differ-
ent, or fewer components are possible for the mobile device/
personal computer 122.

The controller 200 may be configured to receive data
indicative of the location of the mobile device 122 from the
position circuitry 207. The positioning circuitry 207, which
is an example of a positioning system, is configured to
determine a geographic position of the mobile device 122.
The positioning circuitry 207 may include sensing devices
that measure the traveling distance, speed, direction, and so
on, of the mobile device 122. The positioning system may
also include a receiver and correlation chip to obtain a GPS
signal. The positioning circuitry may include an identifier of
a model of the positioning circuitry 207. The controller 200
may access the identifier and query a database or a website
to retrieve the accuracy of the positioning circuitry 207
based on the identifier. The positioning circuitry 207 may
include a memory or setting indicative of the accuracy of the
positioning circuitry.

Alternatively or additionally, the one or more detectors or
sensors in the positioning circuitry 207 may include an
accelerometer and/or a magnetic sensor built or embedded
into or within the interior of the mobile device 122. The
positioning circuitry 207 may include a Global Positioning
System (GPS), Global Navigation Satellite System (GLO-
NASS), or a cellular or similar position sensor for providing
location data.

FIG. 7 illustrates an exemplary server 125 of the building
alignment refining system of FIG. 5. The server 125 includes
a processor 300, a communication interface 305, and a
memory 301. The server 125 may be coupled to a database
123 and a workstation 128. The workstation 128 may be
used as an input device for the server 125. In addition, the
communication interface 305 is an input device for the
server 125. The communication interface 305 receives data
indicative of use inputs made via the workstation 128 or the
mobile device or personal computer 122.

The controller 200 and/or processor 300 may include a
general processor, digital signal processor, an application
specific integrated circuit (ASIC), field programmable gate
array (FPGA), analog circuit, digital circuit, combinations
thereof, or other now known or later developed processor.
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The controller 200 and/or processor 300 may be a single
device or combinations of devices, such as associated with
a network, distributed processing, or cloud computing.

The controller 200 and/or processor 300 may also be
configured to cause an apparatus to at least perform at least
one of the building realignment methods described above.
For example, the controller 200 and/or processor 300 may be
configured to perform the process: (1) determine at least one
candidate shifting vector and matching score value for a
local building in an aerial image; (2) determine at least one
dominant shifting vector for at least one random group of
neighboring buildings of the local building; (3) calculate at
least one optimized matching score using the at least one
candidate shifting vector for the local building and the at
least one dominant shifting vector for the at least one
random group of the neighboring buildings; and (4) find a
final shifting vector for the local building using the at least
one optimized matching score.

The memory 204 and/or memory 301 may be a volatile
memory or a non-volatile memory. The memory 204 and/or
memory 301 may include one or more of a read only
memory (ROM), random access memory (RAM), a flash
memory, an electronic erasable program read only memory
(EEPROM), or other type of memory. The memory 204
and/or memory 301 may be removable from the mobile
device 122, such as a secure digital (SD) memory card.

The communication interface 205 and/or communication
interface 305 may include any operable connection. An
operable connection may be one in which signals, physical
communications, and/or logical communications may be
sent and/or received. An operable connection may include a
physical interface, an electrical interface, and/or a data
interface. The communication interface 205 and/or commu-
nication interface 305 provides for wireless and/or wired
communications in any now known or later developed
format.

In the above described embodiments, the network 127
may include wired networks, wireless networks, or combi-
nations thereof. The wireless network may be a cellular
telephone network, an 802.11, 802.16, 802.20, or WiMax
network. Further, the network 127 may be a public network,
such as the Internet, a private network, such as an intranet,
or combinations thereof, and may utilize a variety of net-
working protocols now available or later developed includ-
ing, but not limited to TCP/IP based networking protocols.

While the non-transitory computer-readable medium is
described to be a single medium, the term “computer-
readable medium” includes a single medium or multiple
media, such as a centralized or distributed database, and/or
associated caches and servers that store one or more sets of
instructions. The term “computer-readable medium” shall
also include any medium that is capable of storing, encoding
or carrying a set of instructions for execution by a processor
or that cause a computer system to perform any one or more
of the methods or operations disclosed herein.

In a particular non-limiting, exemplary embodiment, the
computer-readable medium can include a solid-state
memory such as a memory card or other package that houses
one or more non-volatile read-only memories. Further, the
computer-readable medium can be a random access memory
or other volatile re-writable memory. Additionally, the com-
puter-readable medium can include a magneto-optical or
optical medium, such as a disk or tapes or other storage
device to capture carrier wave signals such as a signal
communicated over a transmission medium. A digital file
attachment to an e-mail or other self-contained information
archive or set of archives may be considered a distribution
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medium that is a tangible storage medium. Accordingly, the
disclosure is considered to include any one or more of a
computer-readable medium or a distribution medium and
other equivalents and successor media, in which data or
instructions may be stored.

In an alternative embodiment, dedicated hardware imple-
mentations, such as application specific integrated circuits,
programmable logic arrays and other hardware devices, can
be constructed to implement one or more of the methods
described herein. Applications that may include the appara-
tus and systems of various embodiments can broadly include
a variety of electronic and computer systems. One or more
embodiments described herein may implement functions
using two or more specific interconnected hardware modules
or devices with related control and data signals that can be
communicated between and through the modules, or as
portions of an application-specific integrated circuit.
Accordingly, the present system encompasses software,
firmware, and hardware implementations.

In accordance with various embodiments of the present
disclosure, the methods described herein may be imple-
mented by software programs executable by a computer
system. Further, in an exemplary, non-limited embodiment,
implementations can include distributed processing, com-
ponent/object distributed processing, and parallel process-
ing. Alternatively, virtual computer system processing can
be constructed to implement one or more of the methods or
functionality as described herein.

Although the present specification describes components
and functions that may be implemented in particular
embodiments with reference to particular standards and
protocols, the invention is not limited to such standards and
protocols. For example, standards for Internet and other
packet switched network transmission (e.g., TCP/IP, UDP/
1P, HTML, HTTP, HTTPS) represent examples of the state
of the art. Such standards are periodically superseded by
faster or more efficient equivalents having essentially the
same functions. Accordingly, replacement standards and
protocols having the same or similar functions as those
disclosed herein are considered equivalents thereof.

A computer program (also known as a program, software,
software application, script, or code) can be written in any
form of programming language, including compiled or
interpreted languages, and it can be deployed in any form,
including as a standalone program or as a module, compo-
nent, subroutine, or other unit suitable for use in a computing
environment. A computer program does not necessarily
correspond to a file in a file system. A program can be stored
in a portion of a file that holds other programs or data (e.g.,
one or more scripts stored in a markup language document),
in a single file dedicated to the program in question, or in
multiple coordinated files (e.g., files that store one or more
modules, sub programs, or portions of code). A computer
program can be deployed to be executed on one computer or
on multiple computers that are located at one site or dis-
tributed across multiple sites and interconnected by a com-
munication network.

The processes and logic flows described in this specifi-
cation can be performed by one or more programmable
processors executing one or more computer programs to
perform functions by operating on input data and generating
output. The processes and logic flows can also be performed
by, and apparatus can also be implemented as, special
purpose logic circuitry, e.g., an FPGA (field programmable
gate array) or an ASIC (application specific integrated
circuit).
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As used in this application, the term “circuitry” or “cir-
cuit” refers to all of the following: (a) hardware-only circuit
implementations (such as implementations in only analog
and/or digital circuitry) and (b) to combinations of circuits
and software (and/or firmware), such as (as applicable): (i)
to a combination of processor(s) or (ii) to portions of
processor(s)/software (including digital signal processor(s)),
software, and memory(ies) that work together to cause an
apparatus, such as a mobile phone or server, to perform
various functions) and (c) to circuits, such as a micropro-
cessor(s) or a portion of a microprocessor(s), that require
software or firmware for operation, even if the software or
firmware is not physically present.

This definition of “circuitry” applies to all uses of this
term in this application, including in any claims. As a further
example, as used in this application, the term “circuitry”
would also cover an implementation of merely a processor
(or multiple processors) or portion of a processor and its (or
their) accompanying software and/or firmware. The term
“circuitry” would also cover, for example and if applicable
to the particular claim element, a baseband integrated circuit
or applications processor integrated circuit for a mobile
phone or a similar integrated circuit in server, a cellular
network device, or other network device.

Processors suitable for the execution of a computer pro-
gram include, by way of example, both general and special
purpose microprocessors, and anyone or more processors of
any kind of digital computer. Generally, a processor receives
instructions and data from a read only memory or a random
access memory or both. The essential elements of a com-
puter are a processor for performing instructions and one or
more memory devices for storing instructions and data.
Generally, a computer also includes, or be operatively
coupled to receive data from or transfer data to, or both, one
or more mass storage devices for storing data, e.g., mag-
netic, magneto optical disks, or optical disks. However, a
computer need not have such devices. Moreover, a computer
can be embedded in another device, e.g., a mobile telephone,
a personal digital assistant (PDA), a mobile audio player, a
Global Positioning System (GPS) receiver, to name just a
few. Computer readable media suitable for storing computer
program instructions and data include all forms of non-
volatile memory, media and memory devices, including by
way of example semiconductor memory devices, e.g., E
PROM, EEPROM, and flash memory devices; magnetic
disks, e.g., internal hard disks or removable disks; magneto
optical disks; and CD ROM and DVD-ROM disks. The
processor and the memory can be supplemented by, or
incorporated in, special purpose logic circuitry.

To provide for interaction with a user, embodiments of the
subject matter described in this specification can be imple-
mented on a device having a display, e.g., a CRT (cathode
ray tube) or LCD (liquid crystal display) monitor, for
displaying information to the user and a keyboard and a
pointing device, e.g., a mouse or a trackball, by which the
user can provide input to the computer. Other kinds of
devices can be used to provide for interaction with a user as
well; for example, feedback provided to the user can be any
form of sensory feedback, e.g., visual feedback, auditory
feedback, or tactile feedback; and input from the user can be
received in any form, including acoustic, speech, or tactile
input.

Embodiments of the subject matter described in this
specification can be implemented in a computing system that
includes a back end component, e.g., as a data server, or that
includes a middleware component, e.g., an application
server, or that includes a front end component, e.g., a client
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computer having a graphical user interface or a Web browser
through which a user can interact with an implementation of
the subject matter described in this specification, or any
combination of one or more such back end, middleware, or
front end components. The components of the system can be
interconnected by any form or medium of digital data
communication, e.g., a communication network. Examples
of communication networks include a local area network
(“LAN”) and a wide area network (“WAN™), e.g., the
Internet.

The computing system can include clients and servers. A
client and server are generally remote from each other and
typically interact through a communication network. The
relationship of client and server arises by virtue of computer
programs running on the respective computers and having a
client-server relationship to each other.

The illustrations of the embodiments described herein are
intended to provide a general understanding of the structure
of the various embodiments. The illustrations are not
intended to serve as a complete description of all of the
elements and features of apparatus and systems that utilize
the structures or methods described herein. Many other
embodiments may be apparent to those of skill in the art
upon reviewing the disclosure. Other embodiments may be
utilized and derived from the disclosure, such that structural
and logical substitutions and changes may be made without
departing from the scope of the disclosure. Additionally, the
illustrations are merely representational and may not be
drawn to scale. Certain proportions within the illustrations
may be exaggerated, while other proportions may be mini-
mized. Accordingly, the disclosure and the figures are to be
regarded as illustrative rather than restrictive.

While this specification contains many specifics, these
should not be construed as limitations on the scope of the
invention or of what may be claimed, but rather as descrip-
tions of features specific to particular embodiments of the
invention. Certain features that are described in this speci-
fication in the context of separate embodiments can also be
implemented in combination in a single embodiment. Con-
versely, various features that are described in the context of
a single embodiment can also be implemented in multiple
embodiments separately or in any suitable sub-combination.
Moreover, although features may be described above as
acting in certain combinations and even initially claimed as
such, one or more features from a claimed combination can
in some cases be excised from the combination, and the
claimed combination may be directed to a sub-combination
or variation of a sub-combination.

Similarly, while operations are depicted in the drawings
and described herein in a particular order, this should not be
understood as requiring that such operations be performed in
the particular order shown or in sequential order, or that all
illustrated operations be performed, to achieve desirable
results. In certain circumstances, multitasking and parallel
processing may be advantageous. Moreover, the separation
of various system components in the embodiments described
above should not be understood as requiring such separation
in all embodiments, and it should be understood that the
described program components and systems can generally
be integrated together in a single software product or pack-
aged into multiple software products.

One or more embodiments of the disclosure may be
referred to herein, individually and/or collectively, by the
term “invention” merely for convenience and without
intending to voluntarily limit the scope of this application to
any particular invention or inventive concept. Moreover,
although specific embodiments have been illustrated and
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described herein, it should be appreciated that any subse-
quent arrangement designed to achieve the same or similar
purpose may be substituted for the specific embodiments
shown. This disclosure is intended to cover any and all
subsequent adaptations or variations of various embodi-
ments. Combinations of the above embodiments, and other
embodiments not specifically described herein, are apparent
to those of skill in the art upon reviewing the description.

The Abstract of the Disclosure is provided to comply with
37 C.F.R. §1.72(b) and is submitted with the understanding
that it will not be used to interpret or limit the scope or
meaning of the claims. In addition, in the foregoing Detailed
Description, various features may be grouped together or
described in a single embodiment for the purpose of stream-
lining the disclosure. This disclosure is not to be interpreted
as reflecting an intention that the claimed embodiments
require more features than are expressly recited in each
claim. Rather, as the following claims reflect, inventive
subject matter may be directed to less than all of the features
of any of the disclosed embodiments. Thus, the following
claims are incorporated into the Detailed Description, with
each claim standing on its own as defining separately
claimed subject matter.

It is intended that the foregoing detailed description be
regarded as illustrative rather than limiting and that it is
understood that the following claims including all equiva-
lents are intended to define the scope of the invention. The
claims should not be read as limited to the described order
or elements unless stated to that effect. Therefore, all
embodiments that come within the scope and spirit of the
following claims and equivalents thereto are claimed as the
invention.

What is claimed is:

1. A method comprising:

determining, using a processor, at least one candidate

shifting vector and matching score value for a local
building in an aerial image;

determining at least one dominant shifting vector for at

least one random group of neighboring buildings of the
local building;

calculating at least one optimized matching score using

the at least one candidate shifting vector for the local
building and the at least one dominant shifting vector
for the at least one random group of the neighboring
buildings; and

finding a final shifting vector for the local building using

the at least one optimized matching score.

2. The method of claim 1, further comprising realigning
a building footprint of the local building using the final
shifting vector for the local building.

3. The method of claim 1, further comprising finding
additional final shifting vectors for additional local buildings
using (a) the at least one dominant shifting vector for the at
least one random group of neighboring buildings and/or (b)
the final shifting vector for the local building.

4. The method of claim 1, wherein the at least one
dominant shifting vector is determined based on a histogram
of individual shifting vectors of the at least one random
group of neighboring buildings.

5. The method of claim 1, wherein the at least one
dominant shifting vector is determined with an expected
probability of accuracy using a random sample consensus
algorithm.

6. The method of claim 5, wherein the random sample
consensus algorithm is conducted for a minimum number of
iterations necessary, wherein the minimum number of itera-
tions is calculated based on: (a) the expected probability of
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accuracy, (b) a number of sample buildings chosen in the at
least one random group of neighboring buildings, and (c) a
probability that the at least one candidate vector of the local
building is an inlier when compared with the at least one
dominant shifting vector.

7. The method of claim 1, wherein the at least one
candidate shifting vector for the local building is determined
using an edge-matching algorithm.

8. The method of claim 1, wherein at least one optimized
matching score (G) is calculated, wherein:

G=a*si+b(dot<vi,v>)

wherein:

vi=the at least one candidate shifting vector for the
local building determined by an edge-matching algo-
rithm

si=the matching score value for the at least one candi-
date shifting vector for the local building;

v=the at least one dominant shifting vector for the at
least one random group of neighboring buildings of
the local building;

dot<vi, v>=the inner product of the at least one candi-
date shifting vector and the at least one dominant
shifting vector,

a=any value between and including 0 and 1; and

b=1-a.

9. The method of claim 1, wherein the at least one
candidate shifting vector for the local building is determined
by finding local maximum score locations and choosing a
shifting vector associated with a largest matching score in
the local maximum score locations.

10. The method of claim 9, wherein the local maximum
score locations are found using a gradient ascent search or
a region grow algorithm.

11. An apparatus comprising:

at least one processor; and

at least one memory including computer program code for

one or more programs;
the at least one memory and the computer program code
configured to, with the at least one processor, cause the
apparatus to at least perform:

determine at least one candidate shifting vector and

matching score value for a local building in an aerial
image;

determine at least one dominant shifting vector for at least

one random group of neighboring buildings of the local
building;

calculate at least one optimized matching score using the

at least one candidate shifting vector for the local
building and the at least one dominant shifting vector
for the at least one random group of the neighboring
buildings; and

find a final shifting vector for the local building using the

at least one optimized matching score.

12. The apparatus of claim 11, wherein the at least one
memory and the computer program code are configured to
cause the apparatus to further perform:

realign a building footprint of the local building using the

final shifting vector for the local building.

13. The apparatus of claim 11, wherein the at least one
dominant shifting vector is determined based on a histogram
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of individual shifting vectors of the at least one random
group of neighboring buildings.

14. The apparatus of claim 11, wherein the at least one
dominant shifting vector is determined with an expected
probability of accuracy using a random sample consensus
algorithm.

15. The apparatus of claim 14, wherein the random
sample consensus algorithm is conducted for a minimum
number of iterations necessary, wherein the minimum num-
ber of iterations is calculated based on: (a) the expected
probability of accuracy, (b) a number of sample buildings
chosen in the at least one random group of neighboring
buildings, and (c) a probability that the at least one candidate
vector of the local building is an inlier when compared with
the at least one dominant shifting vector.

16. The apparatus of claim 11, wherein the at least one
candidate shifting vector for the local building is determined
using an edge-matching algorithm.

17. The apparatus of claim 11, wherein at least one
optimized matching score (G) is calculated, wherein:

G=a*si+b(dot<vi,v>)

wherein:

vi=the at least one candidate shifting vector for the
local building determined by an edge-matching algo-
rithm

si=the matching score value for the at least one candi-
date shifting vector for the local building;

v=the at least one dominant shifting vector for the at
least one random group of neighboring buildings of
the local building;

dot<vi, v>=the inner product of the at least one candi-
date shifting vector and the at least one dominant
shifting vector,

a=any value between and including O and 1; and

b=1-a.

18. The apparatus of claim 11, wherein the at least one
candidate shifting vector for the local building is determined
by finding local maximum score locations and choosing a
shifting vector associated with a largest matching score in
the local maximum score locations.

19. The apparatus of claim 18, wherein the local maxi-
mum score locations are found using a gradient ascent
search or a region grow algorithm.

20. A method comprising:

determining, using a processor, at least one candidate

shifting vector and matching score value for a local
building in an aerial image;
determining a dominant shifting vector for a random
group of neighboring buildings of the local building;

determining an optimized matching score using the at
least one candidate shifting vector for the local building
and the dominant shifting vector for the random group
of the neighboring buildings;

iteratively determining new dominant shifting vectors for

new random groups of the neighboring buildings and
determining new optimized matching scores using the
new dominant shifting vectors; and

determining a final shifting vector for the local building

using the optimized matching score and the new opti-
mized matching scores.

#* #* #* #* #*



